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RÉSUMÉ 
Un système prototype a été mis en place pour la prévision immédiate des probabilités de risques 
d'inondation dans les zones urbaines. Il se compose d'un modèle de prévision des chutes de pluie à 
court terme sur la base des données radar et pluviométriques, d’un modèle d'inondation hydraulique 
et surface 1D-2D, un modèle pour évaluer les dommages économiques et les conséquences sociales 
des inondations urbaines, et les méthodes de post-traitement statistique pour produire des cartes de 
probabilités des risques d'inondation urbaines. Le système a été mis en œuvre et testé pour les 
villages d’Oostakker et Sint-Amandsberg, qui sont rattachés à la ville de Gand, en Belgique. Le 
système a été évalué pour des événements historiques récents d’inondations. Les résultats sur la 
prévision des précipitations, les inondations de surface, et les risques socio-économiques pourraient 
être en partie évalués sur la base des observations historiques des précipitations, les débits des 
égouts et les niveaux d'eau, les inondations de surface et des dommages dus aux inondations ayant 
fait l’objet de réclamations auprès de l'agence nationale pour la gestion des catastrophes. Différentes 
méthodes de visualisation des résultats sur les probabilités d'inondation ont été proposées et testées. 
 
ABSTRACT 
A prototype system has been set up for the probabilistic nowcasting of the inundation risks in urban 
areas. It consists of a rainfall nowcasting model based on radar and rain gauge data, a nested 1D-2D 
sewer hydraulic and surface inundation model, a model to assess the damages and social 
consequences of the urban inundations, and statistical post-processing methods to produce 
probabilistic urban inundation risk maps. The system has been implemented and tested for the villages 
Oostakker and Sint-Amandsberg, which are part of the larger city of Gent, Belgium. The system has 
been evaluated for recent historical flood events. The results on the rainfall nowcasting, the surface 
inundations, and the socio-economical risks could be partly evaluated based on historical observations 
of rainfall, sewer flows and water levels, surface inundations and flood damages claimed for the 
national disaster agency. Different methods for visualisation of the probabilistic inundation results were 
proposed and tested. 
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1 INTRODUCTION 
Within the scope of the interdisciplinary research project PLURISK on “Forecasting and management 
of extreme rainfall induced risks in the urban environment” for the Belgian Science Policy Office 
(BELSPO), a probabilistic model has been set up and evaluated for the nowcasting (short-term 
forecasting) of urban inundations. It consists of the following components: (1) a rainfall nowcasting 
model; (2) a hydraulic model that consists of the 1D sewer network and an innovative ‘nested’ 2D 
surface model to model 2D urban surface inundations at high resolution; (3) functions describing urban 
flood damage and social consequences in relation to inundation depth or rainfall intensity; (4) 
statistical post-processing methods in order to produce probabilistic urban flood risk maps: spatial 
maps representing the probability of flooding. The prototype 
system has been implemented and tested for the villages 
Oostakker and Sint-Amandsberg, which are part of the 
larger city of Gent, Belgium (Figure 1). 
 
                                            
Figure 1: Study area of the villages Oostakker and Sint-
Amandsberg in the larger city of Gent, Belgium: (left) 
location in Belgium; (right) sewer network and location 
FURUNO’s WR-2100 X-band radars.  
 
 
2 RAINFALL NOWCASTING 
The rainfall nowcasting makes use of the Short-Term Ensemble Prediction System (STEPS), originally 
co-developed by the UK Met Office and Australian Bureau of Meteorology, but further customised for 
urban applications in Belgium (denoted STEPS-BE). The STEPS-BE nowcasting is based on temporal 
extrapolation of rain storms observed by radar data. The extrapolation is probabilistic in the sense that 
the deterministic radar extrapolation is perturbed with stochastic noise (Bowler et al., 2006). This noise 
aims to account for the unpredictable rainfall growth and decay processes. It hence represents the 
nowcast errors together with its spatial and temporal correlations. 
To obtain uncertainty estimates for the rainfall nowcasts, 20 runs are conducted (20 member 
ensemble nowcast). So far, results are obtained at 1 km and 5 min resolutions up to 2 hours lead time 
using as input the composite image of the 4 C-Band radars located at Wideumont (RMI), Zaventem 
(Belgocontrol), Jabbeke (RMI) and Avesnois (MétéoFrance) (example Figure 2). Future developments 
involve the use of higher resolution X-band radar data at Leuven and Gent (FURUNO WR-2100 
radars). In comparison with the original STEPS, some improvements were made to obtain smoother 
velocity fields and to generate stochastic rainfall within the boundaries of the advected radar 
composite. 
Comparison of the rainfall nowcasts with radar observations for historical events has shown that 
nowcasts of rainfall intensities exceeding 0.5 mm/h are reliable up to 120 minutes lead time, or shorter 
for higher intensities (e.g. 30 minutes for intensities exceeding 5 mm/h) (Foresti et al., 2015). As 
expected, convective rainfall features have less predictability than large areas of stratiform rain. 
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Figure 2: Example of the STEPS-based rainfall nowcasts: (left) rainfall nowcast for 3/10/2012 14:30 for one 
ensemble member; (right) probability of rainfall intensities higher than 1 mm/h. 
 
3 2D SURFACE INUNDATION NOWCASTING 
The rainfall nowcasts are converted in 2D surface inundation maps by means of hydraulic modelling. A 
1D full hydrodynamic model for the underground sewer system, implemented in InfoWorks ICM, was 
coupled to a 2D hydrodynamic model for the surface flow. A digital elevation model (DEM) of very high 
spatial resolution of 1 meter was used as topographical input. In order to limit computational times, a 
nested 2D surface model was applied by developing the 2D surface mesh in diverse resolutions 
(Murla & Willems, 2015). Main streets as mesh zones together with buildings as void regions were 
modelled at the highest mesh resolution (3.75m2 – 15m2). They channel most of the flood water from 
the manholes and are crucial for the interactions within the 1D sewer network. The areas that recorded 
flooding outside these main streets were implemented with a second mesh resolution (12.5 m2 – 50 
m2). The low flood risk areas were finally simulated at a coarser mesh resolution (75 m2 – 300 m2) 
(example Figure 4). Permeable areas were identified and used as 
infiltration zones using the Horton infiltration model. The nested 
approach aims to take the advantages of both modelling systems 
to optimize the accuracy and computational time in describing 
urban surface inundations and allow an optimal representation of 
surface flooding in 2D and of the corresponding coupled 1D 
underground sewer. 
   
Figure 4: (Left) Surface inundation model with three triangular mesh resolutions; (right) example of urban 
inundation result visualized based on the high resolution 1-m DEM. 
The 1D sewer simulation results were validated based on water level and discharge observations 
obtained from a 1-month in-sewer monitoring campaign, and water level data continuously measured 
at pumping stations for longer periods. Surface inundation results were validated for recent historical 
floods based on scattered information on inundation locations and depth assessments from 
photographs, interviews and fire brigade interventions. These validations were based on best 
estimates of the real rainfall over the sewer catchments for these events. 
SESSION 
4 
4 FLOOD RISK NOWCASTING 
In order to convert the hydraulic flood variables into risk information, both the tangible and non-
tangible consequences of urban floods were studied. For the tangible consequences (monetary 
damage), both “depth-damage” and “rainfall-damage” models (Figure 5) were derived after statistical 
analysis of the survey data of 346 Flemish households that were victims of pluvial floods (Van 
Ootegem et al., 2015). These survery data were collected after sending questionnaires to 3963 victims 
of urban floods (info obtained from newspapers and from the historical database of claims to the 
Belgian Federal Disaster Fund). 24.5% completed questionnaires were received, from a total of 973 
households. 
They statistical analysis shows an average increase in the damage between 3% and 5.3% per cm 
increase in inundation depth at the ground floor, depending on the type of damage (building, content 
or total). Other factors accounted for are building related properties such as the location (e.g. village), 
type of house (single, in row), etc., and person related properties such as the salary or income, 
whether the person suffered already from historical flood events, hence whether the person is aware 
of the flood problem and whether the person has self-coping capacity, e.g. by taking precautionary 
measures, etc. The uncertainty in the models 
was also derived from the survey data. For 
the consequences on cultural heritage in the 
urban environment, a separate study was 
conducted. Validation could be done by 
comparing the damage estimates for a 
number of historical floods with the amounts 
claimed and paid by the Federal Disaster 
Fund Agency. 
The non-tangible consequences were 
assessed by analyzing the relation between 
the self-reported “happiness in life” of the 
people that completed the questionnaire, 
when they are asked to look backwards and 
into the future, and the explanatory variables 
mentioned above. 
 
Figure 5: Depth-consequence versus rainfall-consequence relationships. 
 
5 VISUALISATION AND COMMUNICATION OF NOWCASTS 
The urban inundation risk nowcasts are subject to high uncertainties as a result of the uncertainties in 
the rainfall nowcast, the hydraulic sewer modelling and urban surface inundation modelling, and the 
assessment of the consequences. For each of these three steps, uncertainties were quantified and 
propagated to obtain an overall uncertainty estimate of the risk nowcast. Given the importance to 
clearly but carefully communicate this nowcast uncertainty, different visualisation methods were tested 
and evaluated after consultation of the end users. Rainfall and flood probability or return periods maps 
and flood risk maps were finally selected, as well as plots showing the temporal evolution of the flood 
probability and risk.   
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